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Description 

This Invention relate* to metel pistes which ore 
coated with 8 thermoplastic resin, for example t 
give snti-vorrosfon properties and Improved 
appearanoe. 

It has been known to provide e synthetic resin 
coating for a metal plate by coating a steel piste 
with s thermosetting acrylic resin paint or by 
laminating a preformed resin film to a steel plate. 
Such treated plates are used in many fields, such 
as building, interior decoration of vehicles, con- 
struction of domestic electrical machinery end 
tools, furniture and other domestic products, 
particularly because of their attractive colour, 
ofcjpoa rence and entl-corroslon properties. 

However, paints employ resins of relatively low 
molecular weight, and It is difficult to attain a high 
molecular weight by baking and curing after 
coating, and alao the fluidity of the paint on the 
metal plate is usually inadequate, and the coating 
lacks durability. 

On the other hand, in lamination-coating of 
ateel panels, the preformed resin films are pro- 
duced by extruding resins such aa polyvinyl 
chloride, acrylic resins or flu otoplasties from high 
molecular weight stock originating In the pro* 
cesses used for their production at petrochemical 
plants. Thus the molecular weight of euch films 
can be far higher than those obtained from paints. 
Consequently, the durability of the film on the * 
metal plate la much longer; for example 10 to 20 
years as compared with 3 to 5 years from paint 
coatings. 

However, there are problems with such lami- 
nated panels. 

(U With very thin films it is difficult to achieve 
uniform lamination on the metal plate, and wrink- 
ling can occur. For this reason the film thickness is 
not usually ieaa than 60 u. 

(ii) The surface of the metal plate will have 
microscopic unevenesses, and this tends to pro- 
duce gaps between the film and the metal plate, 
so that adhesion of the film can be insufficient. 

(iil) Since the resin must be preformed a a film, 
the range of resins which can be used is restricted 
according to their film-forming ability. 

U S A ■ 3 323,966 and the related specification 
B E A 1504109 discloses a process of the type 
indicated in the pre-ehereeterieing portion of 
claim 1. in thia known process a metal strip is 
preheated (e.g. to about 193*C) and laminated to 
en extruded molten plastics film (e.g. polypropy- 
lene extruded from s die et 300*C). In order to 
avoid contact of a third body, the metal and 
plastics are urged together only by electrostatic 
force. 

The present invention provides a method of 
producing a coated metal plate which comprise* 
preheating the metal plate and directly extruding 
a thermoplastic resin at a higher temperature 
than th plate nto the heated surface; chara - 
t rlaed in th t the m tal Is pr heated to a 
t mpersture et least 60*C below that of the ex- 
truded resin by pesssge around a h ating roll, 



and thereafter passes through e nip between th 
heating roll and a cold roll; and the resin Is 
extruded onto the eurface f the metal plate 
remot from th heating roll edjecem the nip 
' that the coated place paaaea through th nip; the 
coating being mechanically pressed against the 
plate. 

Such a method sen give a coated metel plate 
having an attractive appearanoe and also good 

" adhesion between the coating and the plate end 
good anti-corrosion properties, as compered with 
painted and laminated steel plates. Since the 
resin is applied directly from the extrusion die In 
the molten state, without forming it into an 

" Independent film, the thickness of the Aim can be 
less than 60p; preferably from 3Su down to 6**. 
The actual thickness of the film used may be 
determined by the degree of durability required, 
and elso by considerations of cost. The present 

20 invention enables the product to be much better 
matched to these requirements. Furthermore, 
although hard resins can be ueed to produce a 
self-supporting film, the fiim is easly broken and it 
is difficult to adhere under pressure to the metal 

H Plate. In the present invention such hard resins 
can be used, as they are coated while In the 
molten state. Moreover, since the step of forming 
en independent film is omitted, the cost of pro- 
ducing the coeted metel is reduced. 

JO The metal plates which can be coated in accord- 
ance with the present invention include steel, 
zinc-plated ateel, zinc slloy-plstsd steel, lead- 
plated steel, leed alloy-plated steei, aluminium- 
plated steei, aluminium alloy-plated steei and 

3* stainless steel. As well as purely metal plate 
substrates. Chare can be used metal plates which 
have e surface treatment provided by a chemical 
layer of about 0.1 — 6u~ The object of the chemical 
treatment of the eurface ia to increase Its enti- 
re corrosion, anti-oxidation and adhesion 
properties. Sueh treatments may for exemple 
include sine phosphate treatment, iron phosphate 
treatment, or electrolytic chromete treetment 
Additionally or alternatively, the metal plate may 

46 have en adheaive layer applied to it. The edheeiv 
leyer ia at least e few u thickness, snd its object Is 
to increase the adhealon of the subsequently 
applied thermoplastic resin to the metel plate. 
Preferred adhesives ere thermopleetic resin 

*<? adhesives having functional groups, for example 
modified polyethylene, modified epoxy resin end 
modified vinyl resin. They neve good adhesive 
properties both for metal and thermoplastic 
resins. They include for example modified poly- 

6$ olefin resins such se ethytene-vlnyl scetet 
copolymer or acrylic add copolymer in the case of 
polyolefln-coeted steei. 

Suitable thermoplastic resins used for coeting 
the metel surface include for exemple polyoiefins, 

6* acrylic resins, polyesters, polyemidea, polyvinyl 
chloride, fluorocarbon resins, polycarbonates, 
styren type resins, ASS resins, chlorinated poly- 
etn re snd urethen resins. Polyoiefins includes 
polymers or copolym rs f ethyl n , propylene, 

es 1- butane or 1-penten . Acrylic resins indud 
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polymers fcop lymere of acrylic add, methecry- 
lie acid, acryll acid eater, methacryllc add eater 
or acrylamid . Polyesters Include polyethyi ne 
terephthalata and oil-free polyesters. P lyemlde 
retina Include so-called nylon 66, nylon 6, nylon * 
610 and nylon 11. Polyvinyl chloride includes 
homopolymera end copolymers, for example 
with ethylene or vinyl acetate. Fluorocarbon 
resins Include tetrafluorlnated polyethylene, 
trifluorinated monochoHnated polyethylene, to 
hexefiuorlnated ethylene-propylene; resin, poly- 
vinyl fluoride end polyvlnylldene fluoride. Mix- 
tures of two or more reeins can be used. The film 
may Include conventional additives, for exempts 
anti-deterioration agents* modifiers and pie- te 
mente. Crosa-llnking agente aueh as amino realna 
or epoxy resina can be added ao long as fluidity of 
the coating ia not lost. 

The thermoplastic resin is selected according to 
the requlremente of weatherproofing properties, 20 
durability to extremea of cold or heat, antl-acratch 
properties, anti-contamination properties, 
chemical durebillty, eese of processing In deep- 
drawing, and other objects in hevlng a coated 
metal plate. For example, polyolefine is superior 26 
in its resistance to extremea of cold. Polyamfde la 
superior in ita abrasion-resistance. Acrylic resin is 
superior in its contamination-resistance and also 
chemical resistance, Fluorocarbon resin Is 
superior in its weetherproof properties. Jo 

Resins can be coeted forming a mono-layer or 
multi-layers of the aame or different resins. In the 
case of muttMeyer coatings, a multi-layer die can 
be used, optionally providing an adheaioln layer 
between thermoplastic layers. M 

For example, e multi-layer coeted steel plate 
can be directly end continuously produced by 
extruding a molten thermoplastic resin as a lowor 
layer, a molten adhesive resin as a middle layer, 
and another molten thermoplastic layer as en 40 
upper layer, the films being produced by e three- 
layer T-dle onto a ateel plate which has been 
precoated with an adhesive end hes been pre- 
heated. Aitemetivery, a coated ateel plate can be 
directly and continuoualy obtained by extruding a 45 
molten adhesive resin ee a first layer, a molten 
thermoplastic resin as a second layer, and a 
molten adhesive resin ss a third layer, end a 
molten thermoplestic reein as a fourth layer; all 
four films being produced from a four-layer T-die j so 
onto a preheated steel plete. 

To give s more specific example, a *inc-pleted \ 
steel piete or cold roiled steel plate cen have a 
chemically treeted surface layer on which is 
applied an adhesive coating and a coating of 55 
poiyolefin on the edbeeiva layer. This hea good 
cold-resistance and durability, and low friction 
with respect to enow, and thua Is suitable for 
outdoor use In cold districts, for exemple In 
providing roofs or walls of buildings. $0 

A steel plate having a flu rocarbon resin layer 
on a poiyolefin layer with an adhesive lay r in 
betw en has very go d weatherpro f properties. 

A steel plsts having a flam -resterdant resin 
layer applied thr ugh an adhesiv layer ont a as 



foamed urethane resin layer which in turn ia 
aecured to the chemically treated surface of a cold 
rolled steel piete through an edhesive leyer has 
good heaHnsulati n and fleme-reterdant 
properties, and la thua ultebfe for Inter! r decora- 
tion panela. 

In another example en edhesive layer Is applied 
to a chemically treeted cold rolled plete, a poiy- 
olefin leyer Is applied to the adhesion ley r, en 
adhesion layer Is coated onto the poiyolefin lay r, 
and a polycarbonate leyer Je coated onto the 
adhesive layer. Thia coated metal plate le aultable 
for domestic electrical appliances, because of its 
scratch-resistant properties* 

The foregoing multi-layer coated surfaces can 
be produced ueing multi-layer T-dle. 

In coating an adhesive onto a metal base piste, 
spray coating or roll coating can be ueed when 
the adhesive ie solvent-baaed. When the adhesive 
is of e powder type a fluidised immersion 
method, electrostatic spray method, electrostatic 
atomisation method, or fleme-epreying method 
may be used. When the adhesive Is in pellet form 
the multWeyer extrusion method mey be used. 

It is necoaaary to tieet the metal beae plate In 
advance of applying the molten resin. Without 
preheating the adhesion of the resin Is 
inadequate, end hence for example the anti- 
corrosion property may be adversely effected. 
Higher preheating temperetures are preferred as 
thia increases the fluidity of the resin, but th 
temperature should not be so high es to pr due 
decomposition of the resin or adhesive, and 
moreover it Is westeful of energy. Preheetlng is et 
a temperature at least 5CTC below the tempera- 
ture of the molten resin. Usually the preh ating 
temperature is in the range 50— 260'C, preferably 
50— 170*C. 

The Invention will be more particularly 
deacribed with reference to the accompanying 
drawings, wherein: 

Fig. 1 ia a diagrammatic representation of a 
simplified proceaa for illustrating some (only) of 
the feeturee of the invention; and 

Fig. 2 is a diagrammatic representation of a 
process embodying the invention for coating by 
downward extrusion of resin into a nip between a 
metal plate and a cold roll. 

In the process shown in Fig. 2, a metal baa 
plate 1 is pessed around a heating roll 8 and then 
around a cold roll 9. A molten thermoplastic film 
is extruded from the die 4 downwardly ont the 
h«ated surfeee of the metal plete in the nip 
between the plete and the cold roll 9. The coated 
metal plete then peeaes around a guide roll 7 end 
under a press roll 6 to press down The surface 
costing. The resin is extruded in the molten stst . 
but It should not only heve fluidity but eiso some 
tacfcineee. it should be sufficiently molten such 
that if two such resins or a resin and metal plate 
are pressed together by hand th y cannot be 

asily p sled apart. The diegrem alao Illustrates 
the use f tw extruders 2 so as t produce e two- 
layer extruded film. This process enables easy 
control of th film thickness and the surface 
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finish. For iximpii, It is easy t control the 
surface gloss and t add en embossed pattern n 
the surface. 

The metal plate 1 coated at high temperature by 
molten resin 3 la subsequently cooled end rotted. 
Any suitable cooling method can be used* for 
example by passing through a cooling vessel or 
between cooling rods. 

The invention will be more particularly ex- 
plained by the following Examples 1 to 9 and 
Comparative Examples 1 to 3. Examples 1 to 9 
concern a simplified prooess as shown in Fig. 1 in 
which resin 3 from s hopper 6 was melted and 
mixed In an extruder 2, then extruded through a 
T-die 4 onto a preheated plate 1 aa It passed 
around a guide roll 7. There was no cold roll 
forming a nip before the coated plate passed to a 
press roll 5. Thus the easy control of film thick- 
ness is not achieved, but the way of applying the 
film to the plate Is as in the present invention. 

Exsmples 1 to 9 
A metal base plate wee preper^ti by ohemlcah, 
treating a zinc-plated steel plate of 0.4 mm thick* 
ness with zinc phosphate. The surface- treated 
metal plate was coated with resins, and was 
subsequently tested, giving the results shown in 
Table 1. in the case of polyethylene, the tempera- 
ture of the extruded renin was about 250*C. 

Comparative Examples 1 to 3 
A metal base plate which had not been pre* 
viously heated wes used in Comparative Example 
1; a commercially obtained steel plate having a 
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baked coloured acrylic paint mating wee used In 
Comparative Example 2; end a commercially 
evaflabJ polyvinyl chl ride-laminated steel plate 
wee used In Comparative-Exempl 3. They were 
tested in the seme menner ee Exemplee 1 to 9, 
end the results are alao shown Table 1. 

Further testa were done ea follows. 

(U Adhesion. The coating layer wee cut through 
to the metal plate, end Its appearance was . 
observed after peeling the coated layer at the we 
of 60 mm/mln, For coated layers of 60u or less, 
the peeling waa done after applying a tape to it / 

(II) Corrosion resistance. Degrees of corrosion 
were observed after spraying with 6% sodium 
chloride aqueous solution on teat panels at 35*C 
for 10,000 hours. 

W\) Weather resistance. The condition of the 
surface was observed after leaving test panels in 
a westhermeter for 1000 hours. 

(iv) Appearance. The surface appearance was 
observed and the results shown In the Table 
according to the following standard. 



0 

A 
X 



Excellent 
Very Good 
Good 
Bad 



From the foregoing it will be aeen that coated 
metal plates prepared according to the present 
invention have superior properties as compared 
with conventional coated metal plates. Moreover 
It is possible to apply a thin coating, by a simple 
method. 
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1. A method f producing a coated metel plate . 
which comprteee preheating the metal plat (1) 
and directly extrudllng e thermopleetie resin (3) at 
a higher temperature than the plate onto the 
heated aurfece; characterised in thet the metal la 
preheated to a temperature et least 80*C below 
that of the extruded resin *y paaaaga around a 
heating roll (8), and thereafter passes through a 
nip between the heating roll (8) and a cold roll (9); 
and the resin (3) is extruded onto the surface of 
the mttal plate (1) remote from the heating roll (8) 
adjacent the nip so that the coeted plate (1.3) 
passes through the nip; the coating being 
mechanically pressed (9, 5) ageinst the plate (1). 

2* A method according to claim 1 wherein the 
metel plate (1) is preheated to a temperature 
aubstantlally within the range 50— 250*C. 

3. A method according to deim 1 wherein the 
metel plate (1) ts preheeted to a temperature 
substantially within the range 60— 17CTC. 

4. A method according to any preceding clslm 
wherein the metal plate is steel, metal-plated steel 

r atalntees steel. 

5. A method according to any preceding claim 
wherein the metal plete has a chemically treated 
surface layer. 

8. A method according to any one of the 
preceding claims wherein an adhesive layer is 
located between the thermoplastic resin and the 
metal. 

7. A method according to claim 6 wherein the 
adhesive layer Is extruded with the thermoplastic 
resin from a multUlayer die. 

8. A method according to any one of the 
preceding claims wherein et leest two thermo- 
plastic resin layers are extruded onto the metel 
plate from e multMayer die. 

9. A method according to claim 8 wherein an 
adhesive layer Is co-extruded between edjecent 
thermoplastic reain layers. 

10. A method eccordlng to eny preceding claim 
wherein the passage of the coeted plete (1,3) 
through the nip (8, 9) is arranged to apply an 
embossed pattern to the coating of resin (3). 

Patentenspeilche 

1. Verfahren zur HersteMung eines beschichte- 
ten Metallblecha, bei dem das Metallblech (1) 
vorgewSrmt und ein thermoptestlches Kunstharz 
(3) bei einer hdheren Temperatur als das Blech 
unmtttetbar auf die erhltzte Oberfiache extrudlert 
wird, dedurch gekennzeichnet daG das Meteli auf 
elne Temperatur vorgewSrmt wird. die mlnde* 
atens 60*C unter derjenfgen des extrudierten 
Herzes liegt, Indem es um eine erhltzte Watze (8) 
herumgefiihrt und sodenn durch einen Spelt 
zwtachen der Aufheizwatze (8) und elner kalten 
Welz (9) MndurchgefOhrt wird. und daG das Her* 
(3) neben dem Welzenapalt auf die von d r Auf- 
h izwelz (8) abllegend OberflSeh des Metell- 
blechs (1) xtrudiert wird, so daB das be- 
schlchtete Blech (1. 3) d n Welzenapalt durch- 



lluft wobei die Beachlchtung gegen das Blech 0) 
mechanlsch angeprefct (9, 8) wird. 

2. VrtMhfn nech Anspruch 1, wobel des 
Metallblech auf Ine Tempereturlm B retch v n 

8 60 bis 250*C vorgewSrmt wird. 

3, Verfahren nech Anapruch 1. wobei das 
Metallblech euf elne Temperatur Im Bereich 50 
bie 170*C vorgewSrmt wird. 

d. Verfahren nech elnem der vorhergehenden 
to AnaprQche, wobel das Metallblech eus Stahl, 
metallbeachlchtetem Stahl Oder roatfreiem Stahl 
beateht. 

5. Verfahren nech elnem der vorhergehenden 
Anepruche, wobei das Metellblech eine chemiach 

rs behandette Oberftftchenachicht eufweisc. 

6. Verfehren nech elnem der vorhergehenden 
Anspruche, wobei eine Klebstoffschicht zwischen 
dem thermoplestlehen Kunstharz und dem Metal! 
angeordnet 1st. 

20 7. Verfahren nach Anspruch 6. wobei die 
Klebstoffschicht zusammen mlt dem thermo- 
plestlschen Kunstharz aus einer Mehrschlchten- 
Matrize extrudlert wird. 

8. Verfahren nach einem der vorhergehenden 
25 AneprOche, wobei zumindeet zwel Schtchten aus 

thermoplastiachem Kunstharz aus elner 
Mehrschfchten-Matrize euf das Metallblech extru- 
dlert werden. 

9. Verfahren nech Anapruch 8, wobel eine 
3o Klebstoffschicht zwischen zwei benechberten 

Schlchten eus thermoplestischem Kunatherz 
gemeinsam extrudiert wird. 

10. Verfahren nach einem der vorhergehenden 
Anspruche, wobel der Ourchlauf des beschtchte* 

J5 ten Blecha (1. 3) durch den Welzenspelt (8, 9) so 
auegeblldet 1st. datt in die Beschichtung eus Her* 
(3) ein Muater gepragt wird. 

Revindications 

so 

1. Prooddd de fabrication d'une bende metalli- 
que enduit qui consists a prechauffer la bande 
metal li que (1) et e extruder dlrectement une 
reeine thermoplaatlque (3) a une temperature 

46 superleure a la bande sur la surface chauffee; 
caracterise en ce que le mfttal est precheufte £ 
une temperature eu moins de 50*C en dessous de 
cells de la reslne extrudee per passage autour 
d'un rouleau chauffant (8) at enauite passe & 
so travere une emprise entre le rouleeu chauffent (8) 
et un rouleeu frold (9): et le resine (3) est extrude 
sur la surface de la bande meteilique (1) qui est 
eloignee du rouleau chauffant <8) a promlmit* de 
i'empriee afln que la plaque revetue (1,3) trevers 
66 t'emprlse; le revGtement 6tant meceniquement 
presse (9. 5) contra la plaque (1). 

2. Procede selon la revendlcation 1, ou la band 
meteilique (1) est prechauftee a une temperature 
sensiblement dens la gamme de 50— 25CTC. 

eo 3. Procede selon la revindications 1, ou la 
bande m^talllQue (1) est prdchauffee a une tem- 
peratur s nalbl m nt dena la gamme de 
50— 17<TC. 

4. Proc4de eel n I'un quelconque des revendt- 
66 cations pr6c*d nt a, ou la band mStallique st 
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da racier, do fader pfequa d mltatoud I'adar 
moxydable. 

5. Procede aat n Tuna qualconqua dot rev ndl- 
cat! ni prec*dentes, ou la benda meteiiique a una 
couch* da aurfaca traitae chlmiquement 

e, Procede aalon t'une qualconqua das revendf- 
cations precedentee, 00 una coucha edhealve aat 
place* antra la reeine ther moptaatique at la metal. 

7. Proced* aaton la revindication 6, ou la 
coucha adhtelve aat extrudee a vac la reeine 
tharmoplaatiqua par una filler* muitlcoucbe, 

8. Procede aalon Tuna qualconqua daa revendf- 



to 



cati na precedence*, u au molna deux couch a 
da reeine tharmoplaatiqua sont extrudeea aur la 
banda meteiiique par un Altera multleouch . 

9. Proced* aalon la ravandloation 8, oO una 
coucha adheafvc aat coextrudee ntre das 
couchea adjaoantaa de reaine thermopleatiqua. 

10. Procede aalon Tuna qualconqua daa reven- 
dlcatlona precedentes, oft la paaaage do la banda 
andulta (1, 3) ft travara I'emprlae (8, 9) aat agenoe 
pour appliquer un motif grave au revetement da 
realne 13). 
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